There are numerous theoretical and empirical papers on the subject of benchmarking in general and university-related benchmarking in particular. Benchmarking usually consists of several steps: First, the initiation process, which comprises the definition of the research question and the choice of the methodology; second, the data gathering process, which covers data collection as well as data screening; third, the processing of the data and the interpretation of results, including -if necessary -some sensitivity analysis; fourth, the implementation of strategies derived from the benchmarking, and fifth, the monitoring process where the implementation of strategies is under current surveillance (see e.g.
Fischer et al (2003)).
In this contribution benchmarking is interpreted as a performance comparison across organisations (over time) where the organisations are university libraries from different countries. Performance is given a productivity interpretation, defined as the output produced by the library (i.e. archival and utilisation services)
given their available input (i.e. current and capital resources). Presumably, libraries perform differently, with some libraries being 'best practice' performers and others doing worse. 'Best practice' libraries are those with the highest output-toinput ratio (i.e. productivity) compared to the other libraries in the sample. Causes for performance differences, however, can be found in management decisions but also in environmental factors beyond the control of the library management. The purpose of this contribution is to extend previous empirical research by revealing performance differentials across university libraries from different countries over time. To solve the problems of conflicting results when multiple performance indicators (i.e. multiple output-input-ratios) are used, we apply Data Envelopment Analysis (DEA) (see e.g. Zhu (2003) or Cook and Zhu (2005) ) to investigate library performance. Using DEA, we can take into consideration that the library service production process is characterised by multiple inputs and multiple outputs, and also distinguish between performance differences resulting from managerial factors and those resulting from factors beyond the control of library management. Assessing the performance of university libraries from different countries over a time period of six years, we then try to reveal productivity differences across different library groups as well as the productivity changes over time of individual libraries.
Accordingly, the paper is organised as follows: The next two sections provide an overview of previous work on the subject of university library benchmarking, the methodological approach, the sample and data. The fourth section provides the results and gives possible interpretations of performance differences. Limitations of the current analysis are discussed and an outlook is given in the last section.
Previous studies
For more than 20 years, libraries have been confronted with performance comparisons. Numerous publications deal with the theoretical development of performance indicators to cover the libraries' range of activities (e.g. Moore (1989) , Poll and Boekhorst (1996) , Brophy (1989) , Ceynowa (2001) , Crawford et al. (1998), Mundt and Guschker (2003) and Van House et al. (1990) Recently, several studies have attempted to derive an aggregate performance indicator based on the analysis of the overall performance of university libraries.
From a methodological point of view many authors fell back on DEA: Chen (1997) compared Taiwanese university libraries, Kao and Lin (1999) particularly investigated the effect of library size on library performance, Kao and Liu (2000) addressed the problem of missing data in DEA-based performance assessment. Shim and Kantor (1998) and Shim (2000 Shim ( , 2003 provided an overview of the possibilities of DEA for library benchmarking. They discussed in detail the strengths and weaknesses of DEA in the context of library performance evaluation, thereby covering the fundamental problems of finding suitable input and output indicators.
Reichmann (2004) and Reichmann and Sommersguter-Reichmann (2006) into an inefficiency and an error term. Some recent studies using SFA to assess library performance can be found in Saunders (2003) and Hemmeter (2006) . A methodological discussion of stochastic and non-stochastic frontier estimation is given in Fried et al. (1993) , a critical comment on frontier techniques in general is provided by Smith and Street (2005) .
Methodology

Performance assessment using DEA
DEA belongs to the 'enveloping techniques', dating back to the work of Farrell (1957), and was further developed and popularised by Charnes et al. (1978) who introduced the term 'Data Envelopment Analysis' into the scientific literature. The concept of DEA is founded on the comparison of actual with best observed productivity, where productivity is measured as the proportion of services produced to inputs used. DEA can handle multiple inputs and outputs without requiring information on input and output prices.
Meanwhile, DEA has become a well-accepted tool for performance assessment, especially in the non-profit sector (see, for example, Fizel and Nunnikhoven (1993), Glass et al. (1998) , Mizala et al. (2002) , Hammond (2002) , Ouellette and Vierstraete (2005) , Grosskopf et al. (2006) and Worthington and Dollery (2002) ).
Using DEA we assess overall university library performance, comprising the analysis of productivity differences from a cross-section as well as a longitudinal perspective. (1) subject to
LP (1)-(5) measures output-based technical efficiency, TE, indicating whether or not the maximum output given the input is produced (i.e. TE=1 indicates efficient, TE<1 inefficient services production).
2 The use of an output-oriented DEA model is justified by the fact that libraries are mainly confronted with the claim of output control given their budgets. The convexity constraint j =1 characterises the best practice technology as a variable returns-to-scale (RTS) technology which is chosen as we are only interested in identifying efficiency differences attributable 1 LP (1)-(5) corresponds to the model proposed by Banker et al. in 1984. 2 In contrast to this output-augmenting efficiency measure, an input-conserving efficiency measure may also be derived. For detailed information on different DEA models see e.g. Cooper et al. (2000) , Coelli et al. (1999) , Thanassoulis (2001) , Zhu (2003) Fried et al. (1993) ) to three-stage models where both producer performance, environmental differences and statistical noise are accounted for (see Fried et al. (2002) ).
Another possibility of disentangling environmental and technical efficiency is to use the approach proposed by Charnes et al. (1981) . 
Using the MI to disentangle managerial (technical) from environmental efficiency, it is necessary to choose a reference environment e and units which shall be compared in pairs. In contrast to using the MI in the context of longitudinal analysis where we compare each library's performance over time it is not obvious 1 See Malmquist (1953) and Färe et al. (1998) . Consequently, using the NA frontier as reference, the MI is calculated as: 
Here, the MI measures differences in environmental efficiency as the distance between the two group-specific frontiers. As a result we obtain a MI which might be smaller/larger than or equal to 1. The MI can be multiplicatively decomposed into the TEI and the EEI. The interpretation of the EEI is as follows: If we compare the efficiency of a NA with the efficiency of an EU library using the NA frontier as reference (as we use one of the library groups as the reference the nominator of the environmental efficiency index, i.e. of the latter term, is always equal 1 See Førsund and Hjalmarsson (1979) . 
, (10) with the EEI being larger/smaller than or equal to 1 if
The NA frontier, thus, outperforms the EU frontier at the input level of the NA library under investigation if the EEI is larger than 1. Figure 1 illustrates the measurement of the distances between group-specific frontiers (i.e. the EEI) at the input level of the largest and the smallest group-specific library. 
This reveals, first, that productivity changes over time may also be decomposed into an index illustrating changes in technical efficiency (TEI) and an index reflecting frontier (technology) shifts (TechI) and, second, that in (12) (14) 1 For the use of the MI in longitudinal analysis see e.g. Färe et al. (1998 In case of missing or completely inconsistent data the library was not included in the performance evaluation.
Data
The library service production process is represented by the use of multiple inputs to produce several outputs. In this study, we considered the number of library employees, converted into FTEs, and the total number of book materials held (BHELD), counted in bookbinder volumes, to be reliable input proxies. FTEs condition. were chosen because it turned out that library expenditure, another -possibly more suitable -candidate input measure, was barely comparable across libraries. BHELD was chosen because it is considered to be the main input with regard to one major library output, namely the utilisation of stock. Both inputs are used to fulfil the two main tasks of the library, the archival function and the utilisation function whereby the number of serial subscriptions (SER), the number of total circulations (CIRC) and the number of book materials added (BADD) are considered to be proxies for at least one or even for both of these functions. 2 SER comprises the additions to serials as well as newspapers, annual reports and other journal-like series for which the library has a subscription in the relevant year.
CIRC corresponds to the total number of circulations plus renewals, and BADD comprises the annual additions of book materials via buying, donation and barter.
Concluding, the connection between inputs and outputs used in this study is as follows: FTEs -as already indicated -approximate material and labour expenditure and are thus considered to be the main input with regard to serial and book additions (archival services) as well as the processing, servicing and utilisation of stock (utilisation services). BHELD is the main input concerning the utilisation function as the extent of CIRC directly depends on the available stock.
Insert ported requests, the data are too heterogeneous to justify their use in the assessment process. Although there was no possibility of including these two outputs in the assessment because there were no data or no consistent data available, we provide some information on possible effects when we interpret the efficiency results.
Survey design
In order to assess performance differences across university libraries we now proceed as follows: First, we assess the annual technical efficiency of EU and NA university libraries separately using LP (1)- (5) and, second, we calculate differences in environmental efficiency using the MI approach and provide some interpretation of the results (see section 4.1). Then, we apply the MI approach to analyse performance changes between 1998 and 2004 to find out whether or not there are productivity variations over time (see section 4.2).
Results and analyses
and serials, whereas the increase in stock (i.e. SER and BADD) is the only measure which also covers the archival function. highly volatile results another point worth mentioning is that libraries with constantly low efficiency scores might be those with a high proportion of in-library use. As we were not able to take in-library use into consideration, these libraries are automatically put at a disadvantage.
Overall, the constant results for many libraries indicate substantial performance differences and identify best-practicing libraries; however, in a next step it would be worth investigating both the reasons for performance dis-/advantages as well as performance variations in more detail. As indicated above, the 'average' EU library performs better than the 'average' NA library, interpreted as the distance to the group-specific frontier. Whether or not the EU performance is better than the NA performance in the sense that the EU frontier outperforms the NA frontier remains to be analysed based on the environmental efficiency index. Although the NA group-specific performance seems to be slightly worse we assume that the more competitive environment in the NA group promotes productivity so that, finally, productivity in the NA group outperforms productivity in the EU group.
Insert Table 3: Environmental efficiency index
Using the NA frontier as the reference, the distance between group-specific frontiers is measured at the input level of the EU frontier. In that case, the NA frontier interestingly never outperforms the EU frontier. Only at the input level of the largest libraries and in the last two years of observation is the NA productivity as high as the EU productivity. At the input level of the smallest EU library we do not obtain any results due to the infeasibility of the LP. Infeasibility, which is also indicated graphically in Figure 1, Figure   1 approximately reflects the actual situation for the NA and the EU libraries. Consequently, we can conclude that our hypothesis that the NA frontier dominates the EU frontier is only true for higher input levels, whilst at lower input levels EU library productivity is higher than that of NA libraries.
Longitudinal analysis
To analyse productivity changes over time, we calculated the MI chain version using 1998 as the base year. As we compare the productivity of each library over time using group-specific frontiers, productivity indexes are available for all libraries in the respective sample, provided input-output data are available (otherwise indicated by n/a) and the infeasibility problem does not occur (otherwise indicated by inf). Therefore, we can compare and multiplicatively decompose the productivity index of every library, i.e. we can say whether a productivity increase (decrease) is the result of an increase (decrease) in technical efficiency (TEI) and/or a positive (negative) frontier (technology) shift (TechI; see Table 4 ).
In the EU library group, the results indicate a productivity increase over the whole München. This, however, is mostly the result of a substantial increase in SER which we assume is due to the considerable increase in electronic journal subscriptions.
Similarly, the positive productivity shift of around 26% in the NA group over the striking that productivity changes are altogether in a considerable range. This is in contrast to the EU results where we partly found extraordinary productivity increases. We therefore assume that, among others, libraries in the NA group do not face count problems in association with electronic journal subscriptions. Productivity declines are, similar to those in the EU group, comparably moderate. 
Limitations and outlook
Performance measurement in any field is considered to be the impetus for performance improvement. Performance measurement using DEA is able to highlight such productivity advantages. If the purpose is to investigate productivity differences to learn from best practice, DEA is considered to be a useful tool.
Using DEA we chose a two-input and three-output variable returns-to-scale model to assess the output-oriented efficiency of university libraries of different countries. To highlight the fact that performance differences might be the result not only of managerial decisions but also of environmental influences and that performance might change over time, we applied the Malmquist index approach to address these issues. First, we calculated technical efficiency to highlight managerially-induced performance differences and then we applied the Malmquist index to investigate performance differences between European and North American libraries -measured as the distance between the European and the North American best-practice frontier. This was done as we expected that the more competitive North American environment promotes productivity. Analysing productivity differences at the input levels of the smallest, average and largest respective libraries we found that this hypothesis is definitely true for higher but not for lower input levels. Regarding the analysis of performance changes over time we mostly found productivity increases in both library groups which are again mostly due to frontier shifts rather than increases in technical efficiency.
The largest North American libraries were still able to improve productivity whereas the smallest European libraries failed on that score.
Overall, we conclude that although we found consistent results for many libraries there are still several questions which remain unanswered: One question is whether or not libraries with a high proportion of in-library use are really being considerable disadvantaged as there was no possibility of including an output covering this part of library performance. Another question is whether or not libraries at the extreme ends of the production possibility set are only rated efficient because other libraries of similar size are missing. And, finally, especially in the EU group, there seem to be some inconsistencies concerning the count of electronic journal subscriptions for some libraries, which results in seemingly high productivity improvements. To address these questions in depth is considered to be a challenge for subsequent research. n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Freiburg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.13 1.13 1.00 1.12 1.12 Graz 1.18 0.94 1.11 0.85 0.96 0.81 n/a n/a n/a n/a n/a n/a Greifswald 1.03 0.82 0.84 0.84 1.56 1.32 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.00 inf n/a 1.00 inf n/a München n/a n/a n/a n/a inf inf n/a n/a n/a n/a n/a n/a Münster n/a n/a n/a n/a n/a n/a Saarbrücken n/a n/a n/a n/a n/a n/a 'Average' library 0. n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Guelph n/a n/a n/a n/a n/a n/a 1. n/a n/a n/a n/a n/a n/a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
